Summary. The main features of the procedure developed for rapid chloroplast isolation are: 1) gentle grinding of the plant material in a special nylon ibag which retains nearly all whole cells and large debris, 2) osmoticum concentration chosen on the basis of the measured endogenous photophosphorylation, 3) a single, brief, low-speed centrifugation, 4) pellet resuspension by means of a vortex mixer, and 5) a total elapsed time from harvestinig the plants to the obtaining of a resuspended chiloroplast pellet of only 2 mi.nutes.
Arnon, Allen, and Whatley (1) first isolated chloroplasts which had a measurable rate of lightdependent ATP formation in vitro. Using a system without added magnesium or electron carriers, they obtained an endogenous rate of photophosphorylation of 0.01 jumole ATP per mig chlorophyll per hour.
The chloroplast in vitro is a rather labile subcellular organelle and various treatments after isolation have a marked effect on endogenous aictivities. For example, Gee, Writer, and Saltman (2) have found that aging the isolated chloroplasts or breakino them mechanically causes a drastic reduction in endogenous photophosphorylation (measured by them in the presence of added magnesium). The technique of isolating the ch,oroplasts also affects the endogenous activity measured in vitro. Recently, Honda, Hongladarom, and Laties (4) found that chloroplasts isolated in a buffered sucrose solution (with other specific additions) maintained the structural characteristics of chloroplasts observed within plant cells and emphasized the importance of gentle isolation techniques. Spencer and Unrt (10) and Walker (11) have shown that chloroplasts with limiting membranes (isolated in buffered sucrose solutions) had hiigher endogenous capacities for CO, fixation and/or photophosphorylation than naked lamellar systems. It is concluded that chloroplasts tend to lose less soluble 1 Present address: Department of Botanical Sciences, University of California, Los Angeles, California 90024. components and remain more structurally intact when isolated in media containing sucrose than in mnedia containing only salts.
The present experiments were undertaken to develop a simple and rapid method for obtaining chloro- plasts with a high rate of endogenous photophosphorylation. "Endogenous" photophosphorylation as used here means that no magnesium, electron carriers, or protective agents are specifically added to the chloroplasts during isolation and incubation and furthermore, that the chloroplasts are not intentionally disrupted, which may lead to high rates under certain conditions. The aim of this investigation was not to achieve the highest possible photophosphorylation rate in vitro, but to measure the rate obtained when only the substrates (ADP and phosphate) were added to chloroplasts suspended in a suitable osmoticum and buffer. The rate of endogenous photophosphorylation in vitro may give evidence about the level of certain solutble components in the chloroplasts and plant cells. For example, the concentration of solutes in the cytoplasm of the mesophyll cells of ipeas ,grown as described was estimated to be 0.19 osmolar based on the effect of the concentration of sucrose or NaCl in the isolation and, incubation media on, the rate of endogenous photophosphorylation in vitro. Rate of endogenous photoplhosphorylationi in the presence of NaCl as the osmoticum. TES-NaOH (pH 7.9) was preseiit at 0.2 times the conlcentration of NaCl (a similar curve was obtained when the buffer concentration was kept constanit at 0.02 mI). PLANT PHYSIOLOGY endogenous photophosphorylation. At anl osmolarity near 0.19 in sucr-ose or NaCl, these pea chloroplasts may neither swell nor shrink with respect to their size in vivo, which might then lead to the optimum in the rate of endogenous photophosphorylation.
Some chloroplasts isolated in NaCl media retain stroma material and a limiting membrane (9), but most chloroplasts so isolated are naked lamellar systems. Also, upon illumination in NaCl media, ch'loroplasts undergo a large-scale irrevertsible swelling (7, 9) which does not occur in a sucrose medium (7) . Furthermore, in NaCl media this disruptive swelling occurs in the dark to some extent (9) . Since sucrose is superior to NaCl in preserving structural integrity, it was adopted as the usual osmoticum for these experiments.
Buffer and pH. 
NOBEL-A RAPID TECHNIQUE FOR ISOLATING CHLOROPLASTS
Hence, the addition of both ADP and phosphate was necessary to observe optimal rates of endoogenous ph-otophosphorylation under the conditions employed.
Alth,ough maignesiu,m was not added to the incubation medium when measuring endogenous photophosphorylation, some magnesium would be carried over with the chloroplasts. For example, a total of 1.8 jumoles endogenous magnesium/mg chlorophyll has been found by atomic absorption spectroscopy to be released from sipinach chloroplasts (7) . ln the present experiments using 'pea chloroplasts, the endogenous magnesium amounted to 7.5 umoles/mg chlorophyll, or 90 uM magnesium for the usual concentration of chlorophyll (12 ug/ml). The addition of 100 uM exogenous magnesium increased the photophosphorylation rate 64 % (avg of 5 expts). Although the addition of magnesium will increase the rates observed, the present isolation technique yields chloroplasts with an appreciable amount of endogenous magnesium.
Chloroplasts isolated by the ipresent technique were also incubated under conditions which lead to rates averaging 740 jxmoles ATP per mg chlorophyll per hour using spinach chloroplast (fragments (7). 'Tlhe incubation medium included 35 mM NaCl, 10 mM tris-H'Cl (pH 7.9), 20 ,M N-methylphenazonium methosulfate (PMS) (which gives high rates at the light intensity of 100,000 'lux employed), 5 Figure 6 shows the extent of phosphate esterification in the light and dark over the first 90 seconds. In this experiment, the time which elapsed between harvesting the peas to the last trichloroacetic acid addition was less than 4 minutes. It is anticipated that the relatively short time required for chloroplast isolation and incubation will facilitate the study of interactions between the condition of thie plant and the activity of the chloroplasts.
Electron Flow. The dependence of endogenous photophosphorylation on various types of photosynthetic electron flow was also investigated. (Since cyclic, noncyclic, and pseudocyclic electron, flow use part of the same ellectron transport pathway in common, their experimental se,paration is dilfficult and the following picture is an admitted over-simplification.) Only cyclic electron flow was as'sumed to proceed in the presence of 3-(3,4-dich1orophenyl)-1,1-dimethylurea (DCMU) (a well-known inhibitor of rnoncyclic and pseudocyclic el'ectron flow). The Literature Cited
